Learning objectives
The goal of this review is: # to introduce Bannayan-Riley-Ruvalcaba syndrome (BRRS) -a rare congenital hamartomatous disorder. # to describe characteristic imaging findings in BRRS.
# to point out the crucial role of genetic examination in diagnostic process of BRRS. # to underline that increased cancer surveillance is an important element of the management of the disease.
Background BRRS, also known as Ruvalcaba-Myhre-Smith syndrome, Riley-Smith syndrome or Bannayan-Zonana syndrome, is a multisystem congenital disease. It belongs to the group of phosphatase and tensin homolog (PTEN) hamartoma tumor syndromes, a group of disorders caused by mutations in PTEN gene. It is a condition with inheritance in autosomal domminant manner and penetrance is believed to be high (around 80%). Germline PTEN mutations have been reported in up to 60% of BRRS pacients, the remaining cases are of unknown genetic etiology. A few sporadic cases have also been recorded. PTEN gene, located on the long arm of chromosome 10 at position 23.31, is a tumor suppressor gene responsible for controlling cellular proliferation, migration and apoptosis, thus its mutation clarifies the reason of overgrowth in BRRS.
The true prevalence of BRRS is unknown, although it is generally considered rare. Male predominance is reported, females can be affected too, although in a milder form.
It is characterised by association of macrocephaly, multiple lipomas (subcutaneous, intramuscular and visceral), vascular malformations -hemangiomas. Intestinal hamartomatous polyps (in stomach, small bowel and colon) and pigmented skin lesions (lentiginosis) in the area of external genitalia can be present too. GIT involvement is seen in 35-45% of the patients. In addition to the cardinal clinical features there are multiple, less common attributes of this syndrome (Table 1 on page 5) : high birth weight, muscle hypotonia, delayed neuropsychomotor development, mild to severe mental retardation, dysmorphy, seizures, scoliosis, joint hyperextensibility, narrow thoracic cage with pectus excavatum, micrognathia with crowded teeth, peculiar facies, hypoplastic genitalia, thyroid issues -multinodular goiter, thyroid adenoma, differentiated non-medullary thyroid cancer (slowly growing tumors). The signs and symptoms are present from birth or occur in early childhood. Some of the most common manifestations are bleeding and symptomatic mechanical compression.
The definitive diagnosis is determined genetically. Treatment is specific, based on the signs and symptoms present in the individual. In differential diagnosis it is also important to distinguish these benign tumor growths from malignant mesenchymal neoplasms.
Cancer surveillance is an important element of the disease management. Early diagnosis of the syndrome at a young age is helpful in cancer prevention and its early detection. Patients are in the same cancer risk as those with Cowden syndrome and should be monitored mainly for cancer of thyroid gland, breasts and genitourinary system.
Predictive testing for family members should be performed as well.
Findings and procedure details
In BRRS, numerous soft-tissue masses -lipomas and hemangiomas are present in subcutaneous, intramuscular and visceral localisation. We describe their appearence on conventional imaging modalities.
LIPOMA
Lipoma is a benign, small-growing neoplasm of mature fat adipocytes.
# Plain radiogram
Standard X-ray is usually normal. Large lipomas may be detected as areas of low density causing mass effect. Less frequently, calcifications may be found.
# Ultrasound
Lipomas appear as soft, usually well circumscribed masses encapsulated by a thin capsule, which may be difficult to distinct. There is a wide range of echogenic appearance of biopsy-proven lipomas, but majority of studies agree that ultrasonographic appearence of most lipomas is hypo-or isoechoic. Simple lipomas have no acoustic shadowing. No evidence or only minimal vascularity is present on colour Doppler sonography. Heterogenicity in the appearence, if present, is caused by additional nonlipomatous components, such as fibrous septa and calcifications.
# CT
Well encapsulated non-enhancing homogeneous hypodense mass (of fat densitytypically approximately -65HU to -120 HU) can be seen without or with minimal internal soft-tissue component -deeper or larger lesions may have local areas of internal softtissue density (Fig. 1 on page 10 and Fig. 2 
T1-Weighted Postcontrast (gadolinium-enhanced) Imaging
# no or minimal enhancement on postcontrast (gadolinium) WI It can be difficult to differentiate lipoma from low-grade liposarcoma. Signs suspicious of malignancy are large size of the lesion, heterogenous echotexture and more than minimal Doppler flow on the ultrasound, lesions containing thick or nodular septa, presence of nonadipose masslike areas and prominent areas of postcontrast enhancement on CT/ MRI. Nevertheless, final diagnosis is always confirmed after biopsy and histological examination.
HEMANGIOMAS
Soft tissue hemangioma is a benign well-defined vascular soft tissue tumor.
# Plain radiogram
Plain radiogram has a limited value in the diagnostic workup for hemangiomas, smaller lesions are usually occult. In larger ones it is sometimes possible to detect focal soft tissue swelling and presence of phleboliths. In case of bigger lesions in close proximity to outlying bone, periostal reaction and cortical thickening can be seen and sometimes pressure erosion from the mas can cause a pathological fracture.
# Ultrasound
Typical sonographic image of soft-tissue hemangioma is a well-bounded complex focal mass of heterogenous echotexture. Multiple anechoic, cystic spaces within may be present. In case of larger phleboliths acoustic shadowing can be noticed. Doppler evaluation can detect low-resistent arterial flow with forward flow during systole and diastole.
# CT
On unenhanced CT, there is a typical appearance of ill-defined mass which has attenuation similar to skeletal muscle. It is possible to identify intralesional phleboliths as well. After injection of contrast medium, significant enhancement of the lesion is present.
# CTA/CE-MRA/DSA
In case of supposed surgical or interventional radiology procedure, angiographic imaging is usually required to visualize vascular pattern of the lesion -feeding arteries, draining veins and matrix. Invasive angiography is reserved for the instances where embolisation is expected as the next step, otherwise CT or MR angiography are preferred modalities because of their non-invasivity and providing information about ambient anatomical structures and local extent of the mass.
# MRI

T1-Weighted Imaging
# total signal intensity is usually intermediate between that of fat and muscle ( Fig. 3 on  page 11) # focal areas of high-signal intensity can be present (up to 70%) -representing intralesional fat T2-Weighted Imaging # lobulated and septated appearence # high signal intensity interspersed with linear and punctate areas of low or intermediate signal intensity -representing fibrous tissue, fast flow within vessels or foci of calcification ( Fig. 4 on page 12 ) Gradient Echo Sequence # in case of presence of phleboliths blooming artefact can be reported
T1-Weighted Postcontrast (gadolinium-enhanced) Imaging
# lesion shows marked, homogenous signal enhancement ( Fig. 5 on page 13) Published studies have shown that there are known MRI signs that allow to distinguish hemangiomas from soft-tissue malignant masses, without performing biopsy and histological examination: hemangiomas have characteristic multilobulated and septate appearance, the central low-intensity sign on T2-WI typically present in case of hemangioma, high T2WI signal of hemangiomas comparing to malignant soft-tissue masses (because of increased free water content in stagnant blood linked to larger vascular lesions) and homogenous intense enhancement of hemangiomas after intravenous administration of gadolinum contrast material.
In some cases a "hybrid type" of these two benign tumor growths -angiolipoma -can be found.
Neuroimaging findings in BRRS
BRRS has been shown to affect central nervous system as well. The pacients are usually referred for neuroimaging because of neuropsychomotor development delay, cognitive impairment, or seizures. Except from macrocephaly, brain MRI imaging shows strong association of BRRS with white matter cysts. Cystic expansions of perivascular, Virchow-Robin spaces at the white matter are characterised as round, oval or curvilinear well-defined cystic lesions with smooth margins, isointense to cerebrospinal fluid ( Fig.  6 on page 14) -hypointense on T1WI, hyperintense on T2WI and suppressed -hypointense on FLAIR imaging, found in the parietal, frontal and temporal lobe. Another neuroimaging mark is incidence of intracranial vascular malformations (venous angiomas, cavernous angiomas). Rare cases of meningeomas, vascular hamartomas and intracranial lipomatous hamartoma have been described in the literature as well.
Ultrasonography is the modality of choice in the diagnostic process of thyroid disorders. Endoscopic examination is used for detection of polypoid masses growing in the digestive system. Standard X-ray examinations of the spine, chest, skull and teeth are helpful in detection of rarer features of the syndrome -scoliosis, pectus excavatum, micrognathia with crowded teeth. 
Conclusion
BRRS must be taken into consideration when multiple lipomas and vascular malformations are found on imagaing modalities. There are also some neuroimaging signs such as macrocephaly associated with brain cystic lesions in which BRRS should be considered. Genetic examination should be suggested and affected individuals should undergo increased cancer surveillance.
Personal information
